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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

MEASURED DATA PERTAINING TO BUFFETING AT SUPERSONIC SPEEDS 
OF THE DOUGLAS D-558-II RESEARCH AIRPLANE 
By Tiiomas F. Baker 

SUMMARY 


Normal-force coefficients greater than I.5 have been attained by 
the Douglas D-558-II airplane during maneuvers at supersonic Mach n\mi- 
bers up to I.I5. Birffeting was encountered at normaJ.-force coefficients 
greater than about O.7 in the Mach number range from O.96 to I.27 but 
at Mach number of 1.57^ a peaE normal -force coefficient of O.8O was 
attained with no indication of buffeting. The increase in buffet inten- 
sity with lift is very gradual at supersonic speed compared with the 
buffet Intensity -lift variation at subsonic Mach nijmbers. High-intensity 
buffeting has not been encountered at Mach mmibers greater than 0.925^ 
but gust-induced-acceleration fluctuations of intensity equivalent to 
high-intensity buffeting have been experienced during flight in turbu- 
lent air at supersonic speed. 


INTRODUCTION 


A limited amount of data have been obtained at high lift and super- 
sonic speeds with the Douglas D-558-H research airplane. It is the 
piirpose of this paper to present such of these data as are pertinent to 
buffeting in order to establish a measinre of the buffet-free operational 
region for the airplane at supersonic speeds and to compare supersonic 
buffet intensities with subsonic data. 

The airplane used for this investigation is an air-launched, rocket- 
powered version of the D-558-H research airplanes which were procured by 
the Bureau of Aeronautics, Department of the Navy, for use of the National 
Advisory Committee for Aeronautics as part of the cooperative NACA-Navy 
transonic flight research program. This research program is being con- 
ducted by the NACA High-Speed Flight Research Station at Edwards Air Force 
Base, Calif. The results of previous investigations of buffeting utiliz- 
ing the D-558-11 airplanes are given in references 1 and 2 and present 
data in the Mach number range from 0.5 to 0.95^ and O.85 to about 1,10, 
respectively. 


2 


NACA EM L53L10 


SYMBOLS 


Az 

normal acceleration at airplane center of gravity^ 
g imits 

a 

velocity of soimd^ ft/sec 

Cna 

airplane normal -force coefficient^ nW/qS 


wing -panel normal -force coefficient^ %p/^^WP 

^Az 

incremental coefficient of normal acceleration due to 
buffeting, WAA^^/qS 

dCj^^^da 

slope of airplane normal -force coefficient curve, 
per degree 


slope of wing -panel normal -force coefficient curve, 
per degree 

g 

acceleration due to gravity, 52.2 ft/sec^ 

Ho 

total pressiire at nose boom, Ib/sq ft 

Hj 

total pressure at horizontal tail, Ib/sq ft 

Hp 

pr e s sure altitude , ft 

%P 

wing-panel aerodynamic load, lb 

M 

Mach number , V/a 

n 

airplane normal load factor 

q 

free -stream dynamic pressure, ~pV^, Ib/sq ft 

S 

wing area, I75 sq ft 

^WP 

wing -panel area outboard of wing station at 55 inches, 
65.8 sq ft 

V 

free -stream velocity, ft/sec 

Vi 

indicated airspeed, ft/sec 
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W airplane gross weight, lb 

a airplane angle of attack, deg 

AA^ incremental fluctuation of normal acceleration at air- 

plane center of gravity due to buffeting, +g units 

AH loss in total pressure at horizontal tail, 

Hq - H^, Ib/sq ft 

At^ Incremental horizontal tail-spar shear stress, 

±lb/sq in 

At^ incremental wing-spar shear stress, ±lb/sq in 

p mass density of air, slugs/cu ft 

AIRPIANE AND INSTRUMENTATION 


The D-558-II airplanes have sweptback wing and tail surfaces and 
were originally designed for a combination of turbojet and rocket power. 
The airplane used in the present tests, however, has the turbojet engine 
removed, has no air inlet or exhaust ducts, and is powered solely with a 
rocket engine exhausting from the rear of the fuselage. A photograph of 
the airplane is shown in figure 1 and a three -view drawing is shown in 
figure 2. Pertinent airplane dimensions and physical characteristics 
are listed in table I. The airplane is equipped with an adjustable sta- 
bilizer and both leading-edge slats and stall-control fences are incor- 
porated on the wings. The wing slats can be locked in the closed posi- 
tion or can be unlocked. 

Standard NACA recording instruments, synchronized by a common timer, 
were used to measure airspeed, altitude, normal acceleration, angle of 
attack, and tail total pressure. Strain gages are installed at the roots 
of both sides of the wing and horizontal tail to measure steady loads and 
spar shear and bending stresses . The strain gages could not be used to 
measure buffet loads, however. The wing strain gages are located along a 
station 5 inches outboard of the fuselage. The tail strain gages are 
located along a station 6 inches on each side of the airplane center line . 
The outputs of the strain gages were recorded on a 56-channel recording 
oscillograph which had a frequency response flat to 60 cycles per second. 
The airspeed system was calibrated at all Mach numbers by the NACA radar 
phototheodolite method (ref. 3). The accuracy of the Mach mmibers pre- 
sented herein is estimated as ±0.025 • Tail total pressure was measured 
at a station kS inches from the airplane center line with an NACA type A-6 
total head tube projecting 5.5 inches forward of the leading edge of the 
horizontal tail (see fig. 2). No errors induced by flow angle exist in 
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the measiirements of total pressure made at the nose boom or at the tail. 
The difference between total pressure measured at the nose boom, using 
the airspeed system, and tail total pressure is presented in this paper. 
No corrections have been made to total pressiore measurements for loss 
through a nomnal shock wave . 

The accelerometer used for buffet-intensity determination is an air- 
damped instrimient having a natural frequency of 10. 5 cycles per second. 
The response of this instrument varies with air density and forcing fre- 
quency. It is realized that the use of a low natural frequency, air- 
damped, accelerometer in evaluating buffet-induced accelerations is 
somewhat questionable; however, in the interest of providing some infor- 
mation on buffeting at supersonic speeds as soon as possible, available 
instrumentation was utilized. The incremental -acceleration data pre- 
sented herein have been corrected insofar as possible for forcing fre- 
quency ( 12.5 cps) and variation in air density. No frequency or damping 
corrections to fluctuating stress data were necessary. 


TESTS, RESULTS, AND DISCUSSION 


The data presented in this paper were obtained at altitudes varying 
from 55^000 to 60,000 feet in the Mach mmiber range from 0.95 to 1.28. 

The Reynolds number varied from 6 x 10^ to 20 X 10^. The data were taken 
with the airplane in the clean ( slats -locked-closed) condition during 
turns and pull-ups. No significant difference was found between power-on 
and power-off data that could be attributed to the presence or absence of 
power . 

Buffeting was encountered at supersonic speeds during maneuvering 
flight. Buffet-induced fluctuations in normal acceleration, at the air- 
plane center of gravity, are considered to represent the summation of 
buffet -induced vibrations of all the components. The incremental stress 
values shown subsequently for the wing and tail are indicative of the 
magnitude of Vibration of each component, although specific values of 
incremental stress are peculiar to the particular strain-gage location. 

Measurements of quantities pertinent to buffeting are presented in 
figure 5« These data were obtained during a typical power-off turn in 
smooth air. It may be seen in figure ^( sl ) that a decrease in dCpj^^da 

and occurs at an angle of attack of 11^ and is coincidental 

with the occurrence of a definite loss in total pressure at the tail. 
Airplane and wing buffeting started at an angle of attack of 10.3^ 

(fig. 5(b)) but no tail buffeting was apparent until an angle of attack 
of 11.8°. For all practical purposes, however, the start of buffeting. 
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a decrease in lift-c\rrve slope, and a loss in tail total pressure can be 
said to occur at the same angle of attack for this airplane at supersonic 
speeds. No exact relationship can be shown to exist between the inten- 
sity of buffeting and the loss in lift due to flow separation or the loss 
of total pressure at the tail. However, it is apparent in figxire 3 that 
as separation, indicated by the decrease in lift-curve slope and the rise 
in tail total -pres sure loss. Increases, the intensity of buffeting, in 
general. Increases. The negative values of total -pres sure difference 
shown at low angles of attack in flgirre 3(a) are believed to resiilt from 
the existence of an oblique shock extending out from the airplane ahead 
of the tail. References 4 and 5 present typical results of wind-tunnel 
Investigations of the relation between flow phenomena and b\if feting. 

As a matter of interest, peak structural loads ingiosed during the 
turn of figure 3 (M«»1.2, 52,000 feet) were l4,280 poimds on 

the left wing and a down load of l,k-66 pounds on the left horizontal tail. 
The shearing stresses resulting from these loads were 1,290 pounds per 
square inch for the rear spar of the wing and 5^0 pounds per square inch 
for the rear spar of the tail. The peak fluctuating bviffet stresses in 
the wing rear spar were 4.7 percent of the steady stress. The peak tail 
b\iffet stress in the rear spar was 27 percent of the steady stress. 

During previous tests at a Mach number of about 0.9 at 3^,000 feet, buf- 
fet stresses in the rear wing spar of I7 percent of the steady stress and 
in the rear spar of the horizontal tail of 67 percent of the steady 
stress were observed. (The values of steady stress due to structural 
load were I25O pounds per square inch in the rear wing spar and 615 pomds 
per square inch in the rear spar of the horizontal tail.) Thus, at 
supersonic speeds, wing buffeting for this airplane is of small practical 
importance and tail b\if feting, compared to that at subsonic speed, is not 
serious . 

Such buffet-intensity data as have been obtained at supersonic Mach 
numbers are summarized in figure 4 and compared with similar subsonic 
data from reference 1. In order to minimize the effect of altitude vari- 
ation, incremental values of normal acceleration at the center of gravity 
were converted to coefficient form dividing AA^ by free -stream 

dynamic pressure q and multiplying by wing loading w/S. No data exist 
as to the correctness of the assmption that biiffet-induced acceleration 
fluctuations are directly proportional to free -stream dynamic pressure 
and it should be noted that the data of the present tests were obtained 
at altitudes varying from 35^000 to 60,000 feet, whereas those of ref- 
erence 1 were obtained at altitudes vaxylng from 20,000 to ^^,000 feet. 

The various buffet Intensity points of the present tests are not suffi- 
cient to establish contours, or limits, of the intensities but are con- 
nected by straight lines to aid in their identification. Sane of the 
nonuniformity of the data is thought to be caused by flight in tiirbulent 
air, which is discussed subsequently. The buffet boimdary determined in 
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the present tests and shown in figure 4 is based on the start of high- 
frequency (45 cps) fluctxiations of wing shear stress. This procedure was 
necessary in order to distinguish between t\irbulent air ^ which did not 
appear to excite high-frequency structural vibrations^ and buffeting. 

Some scatter exists in the buffet -boundary points of figure 4 but the 
data clearly show that buffeting does not exist below a normal-force coef- 
ficient of 0.65 at supersonic speed. The highest Mach number at which 
a buffet -boundary point was obtained was I.265 at a normal-force coeffi- 
cient of 0 .y 4; however, a normal -force coefficient of O.8O was attained 
at M = 1.57 with no indication of b\if feting. During preliminary inves- 
tigations with this airplane (ref. 2) very low -intensity buffeting was 
reported to exist, intermittently, at low and moderate values of lift 
during flight at supersonic speed. This intermittent low-intensity "buf- 
feting" has been determined to be gust-induced acceleration fluctxoations 
resulting from flight in turbiilent air. 

Comparison of the buffet intensities of the present tests with those 
of reference 1 shows that even though buffeting is encountered at super- 
sonic speeds, the increase in intensity with lift is, in general, very 
gradual and that high values of normal -force coefficient must be attained 
before other than low-intensity buffeting is ejqjerienced. In reference 1 
low-intensity buffeting was regarded as that equivalent to values of 

less than ±0.02 and intensities greater than about ACa^ = "tO.O^ were 

considered high-intensity buffeting. High-intensity buffeting has not 
been encountered at Mach numbers greater than O.925 within the lift range 
covered (see fig. 4). 

Buffet frequencies were determined from stress fluctuations at the 
roots of the wing and tail. The predominant wing buffet frequencies cor- 
responded to the first modes of natural structural wing bending and wing 
torsion, 12.5 45 cycles per second, respectively. Predominant tail 

buffet frequencies were on the order of 10 cycles per second and appeared 
to be stabilizer rocking. In addition to the predominant bxaffet fre- 
quencies of the wing and tail, low amplitude stress fluctuations at fre- 
quencies above 60 cycles per second were observed for both components . 
Acceleration fluctuations at the airplane center of gravity were recorded 
at a frequency on the order of 12. 5 cycles per second. The response of 
the accelerometer at higher frequencies was negligible because of its 
poor frequency-response characteristics. 

During most of the flights from which the data presented in this 
paper were obtained, the airplane encountered clear -air tiorbiilence from 
time to time and some difficiilty was experienced in distinguishing between 
roiagh air and buffeting. However, frequency analysis of the strain-gage 
data showed that the first natural mode of structural vibration predomi- 
nated during flight in turbulent air, whereas the higher structioral modes 
were also excited noticeably during buffeting. As an example of flight in 
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turbulent air^ records of airspeed and normal acceleration were reproduced 
in figure 5 . For the time range shown, Mach number increased from 1.22 
to 1.30 and altitude decreased from k^ylOO to i|-2,800 feet. Tiorbulent air 
was first encountered by the airplane at 4-2,600 feet and persisted to the 
maximum altitude attained during the flight, 4-3^900 feet. Upon descent, 
the turbulence ceased at 4-2,800 feet as shown at the right side of fig- 
ure 5 . A survey of atmospheric conditions over Edwards Air Force Base, 
Calif., at about the time of the flight showed that a normal temperature 
lapse rate existed to 57,000 feet with the exception of a 3^ C inversion 
at 43,000 feet. The atmosphere was clear with no clouds. 

The peak incremental acceleration experienced in the portion of the 
flight for which the records sire reproduced was ± 0 . 29 g (corrected for 
instrument damping and forcing frequency) . This value is equivalent to 
a ACa ,7 of 0.053 and is of greater magnitude than any buffeting inten- » 

Zi 

sity so far encoimtered at Mach numbers greater than 0.925* Normal- 
acceleration fluctuations are considered induced by the vertical compo- 
nents of gusts but the fluctuations in airspeed are indicative of longi- 
tudinal gust velocity. It has been shown in reference 6 that maximum 
values of horizontal and vertical giist velocities in the same traverse 
are essentially equal. No analysis of data taken in turbulent air has 
been made, but it is clear from the comparison of gust-induced accelera- 
tions with buffet-induced accelerations that some investigation of the 
effects of turbulent air on flight characteristics at supersonic speed 
is in order. 


CONCLUDING BEMARKS 


Normal -force coefficients greater than I .5 have been attained by the 
Douglas D- 55 S-II airplane during maneuvers at supersonic Mach numbers up 
to 1 . 15 . Biaf feting was encoimtered at normal -force coefficients greater 
than about O .7 in the Mach number range from O .96 to 1.27 Lut at a Mach 
nimiber of 1.57> a- peak normal -force coefficient of O. 8 O was attained with 
no indication of buffeting. The increase in buffet intensity with lift 
is very gradual at supersonic speed compared with the buffet intensity- 
lift variation at subsonic Mach numbers. High-intensity buffeting has 
not been encountered at Mach numbers greater than 0.925^ tut gust-induced 
acceleration fluctuations of intensity equivalent to high- intensity buf- 
feting have been experienced during flight in turbulent air at supersonic 
speed . 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., November 23, 1955* 
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TABLE I 

PHYSICAL CHAMCTERISTICS OF THE DOUGLAS D-558-II AIRPLANE 

Wing: 

Root airfoil section (normal to O.3O chord) NACA 63-OIO 

Tip airfoil section (nomal to O.5O chord) MCA 65^-012 

Total area, sq ft 175.0 

Span, ft 25.0 

Mean aerodynamic chord, in 87.301 

Root chord (parallel to plane of symmetry), in IO8.5I 

Tip chord (parallel to plane of symmetry), in 6l.l8 

Taper ratio O.565 

Aspect ratio 5*570 

Sweep at O.5O chord, deg 35.0 

Incidence at fuselage center line, deg 5.O 

Dihedral, deg -3.O 

Geometric twist, deg 0 

Total aileron area (aft of hinge), sq ft 9.8 

Aileron travel (each), deg +I9 

Total flap area, sq ft 12 . 58 

Flap travel, deg 90 

Horizontal tail: 

Root airfoil section (normal to O.3O chord) MCA 63-OIO 

Tip airfoil section (normal to O.3O chord) MCA 65-OIO 

Area (including fuselage), sq ft 39*9 

Span, in IL3.6 

Mean aerodynamic chord, in ^ 1*75 

Root chord (pareillel to plane of symmetry), in 55.6 

Tip chord (parallel to plane of symmetry), in 26.8 

Taper ratio O.5O 

Aspect ratio 5*59 

Sweep at O.5O chord line, deg l<- 0.0 

Dihedral, deg 0 

Elevator area, sq ft 9.4 

Elevator travel, deg 

Up 

Down 

Stabilizer travel, deg 

Leading edge up 1^. 

Leading edge down 9 


10 


MCA RM L53L10 


TABLE I - Concluded 

PHYSICAL CHARACTERISTICS OF THE DOUGLAS D- 558 -II AIRPLANE 
Vertical tail: 

Airfoil section (normal to O. 3 O chord) MCA 65 -OIO 

Area, sq ft 36.6 

Height from fuselage center line, in 98 . 0 

Root chord (parallel to fuselage center line) 146.0 

Tip chord (parallel to fuselage center line), in 44.0 

Sweep angle at O. 3 O chord, deg 49 . 0 

Rudder area (aft hinge line), sq ft 6 .I 5 

Rudder travel, deg ±25 

Fuselage : 

Length, ft 42.0 

Majcimm diameter, in 60 .O 

Fineness ratio 8.40 

Speed-retarder area, sq ft 5*25 

Power plant: 

Rocket Reaction Motors 

Airplane weight (fioll rocket fuel), lb 15,787 

Airplane weight (no fuel), lb 9,421 

Center-of -gravity locations: 

Full rocket fuel (gear up), percent mean aerodynamic chord ... 24.6 

No fuel (gear up), percent mean aerodynamic chord 27.3 

No fuel (gear down), percent mean aerodynamic chord 26.7 

Moments of inertia (no fuel): 

About normal axis, slug-ft^ 38,100 

About longitudinal axis, slxog-ft^ 5^025 

About lateral axis, slug-ft^ 34,500 
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(a) Side view. 


L-7528I1 



(b) Three-quarter rear view. 


L-73283 


Figure 1.- Photographs of the Douglas research airplane. 
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Figure 2.- Three-view drawing of the Douglas airplane showing 

location of tail total pressure tube. 


504 


Loss in tail total pressure, AH/ q M Normal-force coefficient, 
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(a) Steady aerodynamic quantities. 

Figure 5 »- The variation with angle of attack of various quantities 
measured during a turn at supersonic speed, hp 52,000 feet. 
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(b) Buffeting quantities 
Figure 5.- Concluded. 
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Figure 4 .- S-uinmary plot of buffet intensities measured during the present 

tests and comparison with similar data taken at subsonic speed during ^ 

previous tests. vji 
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Figure 5*- Typical records of normal acceleration and indicated airspeed 
during flight in turbulent air at supersonic speed, hp ^ 45^000 feet. 
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